Background. The ability to walk independently may become jeopardized during hospitalization. It is unknown which patients are at risk for decline in walking, or to what extent patients will recover. The purpose of this study was to determine the incidence of, risk factors for, and outcomes associated with new walking dependence after hospitalization.
T HE ability to walk independently is one of the most fundamental activities of daily living. With loss of independent walking, community living is jeopardized and the risk of nursing home placement increases. Studies in community-dwelling populations have demonstrated that mobility impairment is strongly associated with falls and fractures (1, 2) and future disability in activities of daily living (ADLs) (3, 4) . The causes of mobility impairment are multiple and include specific chronic conditions such as osteoarthritis, cardiovascular disease, and obesity (5, 6) , sedentary lifestyles (7, 8) , and hospitalizations for acute illness (9) (10) (11) . The incidence of walking dependence associated with hospitalization varies with the definition of walking. In one study, 59% of patients hospitalized for acute illness became dependent on others to walk across a room and down a hall (9) . McVey et al. (10) found that approximately 15% of patients hospitalized for medical illness became unable or dependent on others to walk across a small room. Although these studies described the loss of ambulation that occurs immediately before and/or during hospitalization, little is known about the characteristics of patients at risk for deterioration in walking. Furthermore, the significance of ambulation loss associated with hospitalization is poorly understood. Finally, it is unknown to what extent hospitalized patients who lose the ability to walk independently will later recover.
The specific objectives of this study were to determine: (a) the incidence of ambulation loss associated with hospitalization for acute medical illness; (b) risk factors identifiable at the time of hospital admission that place older adults at risk to develop new walking dependence at hospital discharge; (c) the association of new walking dependence with adverse outcomes at hospital discharge and 3 months after discharge; and (d) measurable factors at hospital admission that predict who will not recover walking independence 3 months after hospitalization.
METHODS

Study Populations
Subjects eligible to participate in this study had to be age 70 or over and hospitalized for a medical illness between 1989 and 1992 at one of five hospitals participating in the Hospital Outcomes Project for the Elderly (HOPE) (12) . HOPE was a multicenter clinical trial to evaluate the effectiveness of distinct but related interventions designed to maintain functional abilities of hospitalized older persons. The interventions and site-specific inclusion and exclusion criteria have been described (12) . Exclusion criteria common to all sites included terminal illness, severe cognitive impairment, inability to give informed consent, admission
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Downloaded from https://academic.oup.com/biomedgerontology/article-abstract/53A/4/M307/592709 by guest on 26 January 2019 to the intensive care unit, and residence in a nursing home prior to hospitalization. Informed consent was obtained in accordance with appropriate institutional review boards. A total of 1,486 patients met the eligibility criteria and were enrolled in the study between 1989 and 1992. From this sample, 207 were excluded from analysis for the following reasons: 64 died, and 143 had either absent (87) or incomplete (56) data regarding ADLs at admission or discharge. The remaining 1,279 represented 86% of the eligible study population (90% of survivors). Patients excluded because of absent or incomplete functional information did not differ from the study sample in age, gender, living site, race, marital status, or length of hospital stay.
Of the 1,279 subjects, 7.6% reported that they were dependent in walking before hospitalization, that is, they required the assistance of another person to walk across a small room 2 weeks before hospitalization. These patients were excluded from analysis. Therefore, this study comprised 1,181 subjects who were independent in walking before hospitalization.
Measurements
Patients were assessed at three time intervals: within 48 hours of admission, at hospital discharge, and 3 months after discharge. The admission assessment included baseline demographic information (age, gender, race, living arrangement [alone or with others], and marital status), retrospective self-report of use of ambulation assistive device 2 weeks before hospitalization and ability to walk across a small room, and retrospective self-report of need for help from another person to perform seven instrumental activities of daily living (IADLs) and five basic ADLs 2 weeks before hospitalization. IADLs included managing finances, taking medications, telephoning, shopping, using transportation, preparing meals, and doing housework (13) . ADLs included bathing, dressing, transferring from a bed to a chair, toileting, and eating (14) . Patients were considered independent in an activity if they were able to perform the task without help from another person. Patients were considered independent in walking if they reported they were able to walk across a small room without the assistance of another person. An abbreviated Mini-Mental State Examination [MMSE; (15) ], excluding the 9 items composing the language portion of the test, was also conducted. The language items were excluded because of concerns about the ability of acutely ill patients to perform certain tasks such as writing and copying. Spearman's rank order correlation between the 21-item and standard 30-item MMSE was .90 (p < .001) at one site.
At discharge, patients were assessed by the same methodology as on admission regarding current use of an ambulation assistive device and the ability to perform the five ADLs and to walk independently across a room. Discharge diagnoses (ICD-9-CM classification), hospital length of stay, and discharge destination (community vs nursing home) were obtained from hospital records. Three months after discharge, patients were contacted by telephone to determine current ADL and walking functions, and living arrangement.
Data collection.-Data were obtained by trained interviewers using predetermined protocols and data collection instruments standardized across sites. If data could not be obtained from patients, they were collected from a closely involved proxy. Participant self-reports accounted for 90% of admission and 85% of discharge information, and 90% of 3-month follow-ups. Data from the individual sites were compiled at the Data Coordinating Center, Bowman Gray School of Medicine, Winston-Salem, NC.
Analysis
Decline in walking during hospitalization was defined as being newly dependent on another person to walk across a small room at the time of hospital discharge. A summary ADL functional score from 0 to 5 was calculated as the number of ADLs that a subject could independently perform. A preadmission score for IADLs from 0 to 7 was similarly constructed.
Logistic regression was performed to identify factors predictive of new walking dependence at discharge. This model tested the independent contributions of demographic characteristics (age, race, gender, prehospitalization living arrangement), prehospitalization functional status (ADL and IADL) and mobility (use of cane, walker, or wheelchair), cognitive status (abbreviated MMSE), diagnostic category (cancer, circulatory, respiratory, gastrointestinal, and other), and number of comorbid illnesses, controlling for site of hospitalization and treatment group (experimental vs control). Number of comorbid illnesses was determined from discharge diagnoses, excluding the principal diagnosis. Although treatment group was not significant in univariate analysis, it was controlled for in the logistic model. Adjusted odds ratios (OR) and 95% confidence intervals (CI) were calculated for each predictor variable.
Univariate associations of new walking dependence with adverse outcomes at hospital discharge and 3 months after discharge were examined by chi-square tests of independence. Characteristics from hospital admission that predicted ability to recover walking function 3 months after discharge were examined in logistic regression using only variables that had an association of p < .15 from univariate analysis, with the exception of site and treatment group, which were included as control variables. Variables of interest in univariate analysis were demographic characteristics, prehospitalization functional status and mobility, cognitive status, diagnostic category, and number of comorbid illnesses.
All analyses were performed using SAS, version 6.09 (SAS Institute, Inc., Cary, NC). Table 1 shows characteristics of the 1,181 subjects who were independent in walking before hospitalization for acute medical illness. Subjects were largely independent in ADLs prior to admission, but had substantial impairment in IADLs. One third of the subjects used an assistive device prior to hospitalization, with 24% using a cane, 12% a walker, and 3% a wheelchair. Almost half of the patients were admitted for primary respiratory or circulatory conditions; gastrointestinal conditions or cancer accounted for another 20% of primary diagnoses on admission.
RESULTS
Characteristics of the Study Sample
Incidence of New Walking Dependence and Associated Risk Factors
One hundred ninety-eight patients (16.8%) were newly dependent in walking by the time of hospital discharge compared to 2 weeks prior to hospitalization. Table 2 shows factors associated with new walking dependence by logistic regression. Patients at risk for decline in walking were older, more likely to be Caucasian, and more likely to have preexisting ADL and IADL impairment. Patients who used an assistive device before hospitalization were also at increased risk for decline, with degree of risk varying by type of assistive device. Decline in walking was also related to type of principal diagnosis, with increased risk being associated with a primary diagnosis of cancer, and decreased risk associated with circulatory and gastrointestinal diagnoses. Finally, the presence of four or more comorbid diseases increased risk.
Discharge Status Associated With New Walking Dependence
As shown in Table 3 , new walking dependence was associated with receiving a new assistive device during hospitalization and use of an assistive device at discharge. However, it is noteworthy that 37% of patients newly dependent in walking did not have an assistive device at discharge. For patients who declined in walking, there was a significant associated decline in function in other ADLs. Sixtytwo to 78% of those who were dependent in walking were also dependent in other balance and mobility-related ADLs. Patients dependent in walking had longer hospital stays and .0001
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*n = 1,147; data missing on 34 patients. were at high risk for discharge to a nursing home (OR = 9.6, 95% CI 6.0-15.5).
Three-Month Outcomes Associated With New Walking Dependence
Seventy subjects were excluded from 3-month analyses because of incomplete follow-up data. Excluded subjects did not differ significantly from the 3-month survivor sample in age, race, gender, living arrangement, marital status, or prehospital function. Figure 1 shows the 3-month outcomes associated with new walking dependence at hospital discharge for those with complete follow-up information (n =1,111).
Twenty percent of patients with new walking dependence died during the subsequent 3 months. Cancer patients were significantly more likely to die than noncancer patients (p < .0001). Decline in walking was significantly associated with death in the noncancer group (15% mortality among those who declined vs 6% among those who did not decline, p < .0001); in the cancer group there was no association of decline in walking with mortality.
Survivors (n = 993) who were newly dependent in walking at the time of hospital discharge were significantly more likely to be in a nursing home at 3 months, have continued walking dependence, and have new ADL dependence (i.e., be dependent in an ADL compared to prehospitalization). Decline in walking remained significantly associated with these outcomes after controlling for cancer diagnosis (p < .0001).
Predictors of Continued Walking Dependence
Twenty-seven percent of patients who declined in walking by hospital discharge and were alive at 3-month followup continued to be dependent in walking (n = 41). Factors associated with continued walking dependence (p < .15) in univariate analyses included female gender, low score on the abbreviated MMSE, prehospital ADL and IADL dependence, and use of an assistive device and living with another person before hospitalization.
3-month mortality
In Nursing Home
Rehospitalized Dependent Newly dependent in walking in an ADL** Outcomes at 3 months among survivors (N=993) Figure 1 . Three-month outcomes associated with new walking dependence at hospital discharge. Open bars, dependent in walking at discharge; shaded bars, independent in walking at discharge. *p < .001; **newly dependent in 1 or more ADLs (out of 5) compared to prehospitalization.
In the multivariate analysis, use of an assistive device before hospitalization was the only significant predictor of lack of recovery 3 months after discharge. Patients who used an assistive device before hospitalization and experienced loss of ambulation during hospitalization were 4.87 times more likely to remain dependent compared to those who declined but did not use an assistive device before hospitalization (95% CI 1.7-14.1).
DISCUSSION
In this multicenter study of older adults admitted to the hospital for a medical illness, one out of six people became dependent in walking at discharge. New walking dependence was significantly associated with new dependence in other ADLs, and identified a group at high risk for nursing home placement at hospital discharge. Loss of walking ability proved to be a marker for increased risk of death, nursing home residence, and new ADL dependence at 3 months postdischarge. Although cancer was strongly associated both with decline in walking and with mortality, decline in walking remained a significant predictor of mortality in the noncancer group, and continued to predict other adverse outcomes after adjusting for cancer diagnosis.
Risk factors associated with developing new walking dependence were identifiable at hospital admission and included preexisting functional impairment, increased number of comorbidities, older age, and nss, of an assistive device before hospitalization. The risk of decline was greater when a patient used a walker rather than a cane or no assistive device, implying that the more severe the mobility impairment before hospitalization, the more likely the loss of independence. For clinicians, simple questions regarding the use and type of assistive device before admission may permit identification of many patients who are at risk for loss of walking independence, and thus might benefit from preventive and rehabilitative efforts designed to maintain ambulation during hospitalization.
In our study, controlling for other functional and medical factors, Blacks were unexpectedly less likely to report loss of walking ability. Previous studies have demonstrated that, for both socioeconomic and medical reasons, Blacks are less likely to be discharged to skilled nursing facilities (16, 17) . The strong relationship between ambulation dependence and nursing home placement may result in a reporting bias, with Black elders being less likely to report dependence in this ADL. Alternatively, this may represent a true finding, in that Blacks may be more successful in maintaining walking independence as a result of situational and motivational factors.
More than one third of those with new walking dependence did not have an assistive device at the time of hospital discharge. This finding suggests that underutilization of physical therapy and lack of attention to walking aids may contribute to dependence among hospitalized patients. We do not know what percentage of dependent patients may achieve independence in ambulation simply by issuance of a walking aid, but it is possible that at least some of the reported new walking dependence at discharge may be simply due to the lack of a cane or walker. We also do not know if those patients with new walking dependence and without a walking aid were at increased risk of falls after hospitalization or other mobility-related complications (18) .
Most people who were dependent in walking at hospital discharge were not permanently incapacitated. In this study, 73% of patients who survived and were dependent at discharge recovered walking independence 3 months after discharge. Use of an assistive device before hospitalization was an important marker for underlying mobility impairment, and served to distinguish those whose mobility dependence at discharge was less likely to reverse, and who might benefit from more aggressive rehabilitation after discharge. Further study is needed to determine if patients at highest risk for continued dependence (those who had lost walking function by hospital discharge and used an assistive device before hospitalization) might benefit from progressive-resistance strengthening, more intensive use of traditional physical therapy, or multifactorial assessment either during or after hospitalization (19, 20) .
There are a number of limitations to this analysis. First, determination of dependence was based on subjective report. A previous study has documented that patient selfreport may overestimate ADL function compared to objective performance (21) . If this is the case, then the true incidence of walking function loss may be higher than the 17% incidence reported in our sample. A second limitation is that, although our data suggest that new walking dependence often reverses by 3 months after hospital discharge, we were not able to determine the time course of recovery or the factors in the posthospitalization period that influenced recovery. Finally, our data did not allow us to determine to what extent walking dependence at the time of hospital discharge is related to illness versus hospital practice (e.g., bed rest, lack of physical therapy or assistive device), nor to what extent hospital practice-related disability is reversible. Although we did not ask about patients' walking status at the time of hospital admission, it is possible that many patients lost mobility during the 2 weeks prior to hospitalization. However, hospital practice may contribute to the high frequency of walking dependency at discharge, not by creating new dependency, but by impeding recovery of independence among patients who lost walking ability related to acute illness. In our study, new walking dependence was associated with longer length of hospital stay. We cannot tell if this association is related to greater severity of illness in the group that declined in walking, associated complications during the hospital stay, or the effects of prolonged bed rest. Regardless of these limitations, our study demonstrates that new dependency in walking remains a significant problem at hospital discharge, with patients who have preexisting mobility impairment being at highest risk.
Reasons for new walking dependence during hospitalization and acute illness are multiple. Preexisting mobility impairment may place a patient closer to the threshold of dependence (3, 4) . In patients at high risk, adverse effects of bed rest, illness-related weakness, iatrogenic complications, and negative nitrogen balance due to poor nutrition and hypermetabolism may interact to create further disability (22) .
Orders for bed rest or "up only with assistance" for medicolegal purposes should be reevaluated in light of their potential to contribute to new walking dependence in vulnerable patients. In addition to bed rest, common hospital practices may also contribute to disability. Lack of appropriate clothing, lack of access to an assistive device, clutter in the hospital room, an unfamiliar environment, inadequate lighting, high beds, bed rails, intravenous therapies, Foley catheters, and physical and chemical restraints all contribute to immobilization of the hospitalized patient (23) . In addition, there may be inadequate provision of physical therapy. Preexisting depression and anxiety may be worsened by hospitalization and may heighten the learned helplessness that the hospital environment fosters, impeding recovery of physical function (24) .
In summary, new walking dependence occurs frequently with hospitalization, may be identified by risk factors present before hospitalization, and portends a poorer prognosis after hospital discharge. Continued walking dependence may occur in up to 24% of those who are newly dependent at discharge. This study provides a simple mechanism to identify prospectively patients at risk for decline in walking, and suggests that changes in hospital practice could potentially decrease the incidence of this adverse outcome. Indeed, Landefeld et al. (25) noted a trend toward improvement in walking function in their study of patients hospitalized in an acute care unit for elders. Further study is needed to determine which nursing or rehabilitative interventions best serve to retard walking dependence, and which strategies may best help patients recover walking independence after hospital discharge.
